Introduction
The evaluation and management of a patient with clinical features of a systemic small vessel vasculitis (SVV) and rapidly progressing kidney failure resulting from acute pauci-immune focal necrotizing glomerulonephritis (PI-FNGN) is a challenge, particularly when findings are atypical and the pathophysiology is not well defined. PI-FNGN commonly results in rapid, irreversible kidney failure. Care decisions are a tenuous balance between benefit and harm. We present the case of a man with rapidly progressive glomerulonephritis (GN) and features of systemic vasculitis. The ultimate diagnosis was established by integrating clinical and renal pathologic findings.
Case report
The patient was a 41-year-old man who had been successfully treated for lumbar osteomyelitis 9 months before Infection-associated PR-3-negative C-ANCA PI-FNGN 3119 admission. He had had lumbar stabilization hardware placed to ease chronic pain that began after a motor vehicle accident. The osteomyelitis occurred perioperatively. He used cocaine but no other illicit drugs. A subclavian port-a-cath that had been placed for the prolonged antibiotic administration after hardware removal was left in place. He had normal kidney function and no history of hypertension, haematuria, proteinuria or inflammatory arthritis; there was no family history of autoimmune disease.
The patient arrived at the hospital with a 2-month history of fever, chills, sweats and a 3-week history of haematuria. He complained of severe generalized arthralgias and myalgias. He had had progressive oedema of his lower extremities, dyspnoea, anorexia, nausea and vomiting. Over the 2 months before admission he used over-the-counter (OTC) pain relievers and anti-inflammatory medications, commonly Stanbacks ® (aspirin 650 mg, caffeine 32 mg, salicylamide 200 mg, colloidal silicon dioxide, docusate sodium, potassium chloride), several times daily and had self-treated with intermittent oral antibiotics. Pertinent physical exam findings included a temperature of 98°F, blood pressure of 190/100, oxygen saturation of 96% on ambient air and anasarca. The right-sided port-a-cath showed no erythema or drainage. There was a cardiac friction rub. Examination of the skin revealed multiple scattered petechiae and follicular pustules over a bilateral lower extremities, 1-5-cm-diameter subcutaneous tender nodules involving his lower face and torso and coalesced, suppurating ulcerations in both axillae. Knees, ankles and wrist joints exhibited bilateral swelling and tenderness.
Admission laboratory studies showed the following values: blood urea nitrogen (BUN) 137 mg/dL; creatinine (Cr) 10.7 mg/dL; white cell count (WBC), 31,670/μL, with 97% neutrophils. Urinalysis revealed gross haematuria with 3+ protein, >25 dysmorphic red blood cells (RBC)/ high-power field (HPF), leukocyte esterase 3+, >50 WBC/ HPF, a few bacteria; many dysmorphic RBC casts and several WBC casts. A 24-h urine Cr clearance (CrCl) was 7 mL/min; total protein excretion was 4.8 grams. Chest X-ray showed interstitial oedema and a small right pleural effusion. The noncontrast chest computed tomographic scan showed a large pericardial effusion, pretracheal adenopathy, small bilateral pleural effusions, peripheral ground glass opacities in the right upper lobe and a 2-cm pulmonary nodule in the right lower lobe. Renal ultrasound showed mildly echogenic kidneys; the right kidney was 13.9 cm, the left 12.9 cm. There were no masses, cysts or hydronephrosis.
Cultures resulted in the following: blood (three sets of three), Enterococcus, Stenotrophomonas maltophilia, Klebsiella; urine culture, Klebsiella; porta-cath tip, Stenotrophomonas maltophilia, Klebsiella; left axillary skin ulcer, methicillin-resistant Staphylococcus aureus (MRSA). Biopsy of the skin and subcutaneous nodules were negative for vasculitis; it showed metastatic calcinosis cutis with transepidermal elimination. Hepatitis C virus (HCV) antibody was present. Complement (C) studies revealed C3 of 57 mg/dL (normal range 79-152), C4 of 11.4 mg/dL (normal range 16-38) and CH50 of 73 units/mL (normal range ≥110). Serum cryoglobulins were negative, as were serologic tests for hepatitis B, human immunodeficiency virus type 1, antinuclear antibodies and anti-glomerular basement membrane antibodies. The rheumatoid factor (RF) was 260 IU/mL. Serology for ANCA revealed cytoplasmic antineutrophil cytoplasmic autoantibody (C-ANCA) 1:160 and perinuclear-ANCA (P-ANCA) <1:20. No antiproteinase-3 (PR-3) antibody or antimyeloperoxidase (MPO) activity was detected. An echocardiogram showed a pericardial effusion, but no vegetations or tamponade.
A percutaneous kidney biopsy was performed on hospital day 15.
Kidney biopsy
Light microscopy sections contained 19 glomeruli, 4 of which were globally sclerotic, appearing to be compressed by fibrous crescents. Cellular and fibrocellular crescents involved 37% of the glomeruli ( Figure 1A and B). Four glomeruli had cellular crescents with necrotizing lesions, one glomerulus without a crescent had a segmental nec- rotizing lesion and three additional glomeruli contained fibrocellular crescents. The remaining glomeruli showed segmental mild mesangial expansion without hypercellularity. Tubulointerstitial oedema and interstitial inflammation with prominent tubulitis were noted. Interstitial fibrosis was estimated at 20-30%. Blood vessels were unremarkable.
Immunofluorescence examination revealed diffuse mesangial staining for IgM (2+), C3 (2+) and C1q (1+) on a 0 to 4 scale. There was no staining for IgG, IgA, albumin or light chains. There was no staining in the vessels or the tubular basement membranes.
Two glomeruli were examined by electron microscopy. No electron-dense deposits were identified in the mesangium or along the capillary loops. The foot processes showed extensive effacement.
The final diagnosis was PI-FNGN.
Clinical course
After 4 weeks of antibiotic therapy the patient was nonoliguric and symptomatically improving. However, he had persistent gross haematuria and remained dialysis dependent. After discharge he was lost to follow-up until readmission 1 month later with cocaine-induced stroke, fever and gross haematuria. He had missed dialysis for 2 weeks. Admission findings showed the following values: BUN, 54 mg/dL; Cr, 3.5 mg/dL; C-ANCA, 1:40; P-ANCA, <1:20; normal C; RF, 119 IU/mL; a 24-h urine collection showed a CrCl of 25 mL/min. Dialysis was discontinued, and antibiotics were restarted. Laboratory studies by the end of hospitalization showed a 24-h CrCl of 45 mL/min; BUN, 22 mg/dL; Cr, 1.8 mg/dL.
Discussion
This is an unusual case of a patient who presented with C-ANCA-positive but PR-3 and MPO antibody-negative PI-FNGN in the setting of subacute Gram-negative sepsis, polymicrobial bacteria central venous line (CVL) infection and suppurative MRSA skin lesions. He had been using oral OTC pain medications containing colloidal silicon dioxide and aspirin several times daily for 2 months prior to admission. We believe this is the first reported case of Gram-negative sepsis-associated PI-FNGN that resolved with antibiotic therapy alone. The C-ANCA titer declined as the PI-FNGN resolved. PI-FNGN has been reported in subacute endocarditis but not with a subacute gram-negative CVL-associated sepsis. The two diagnostic considerations for the severe renal inflammation, both having similar clinical presentations, were PI-FNGN and an immune complex-mediated GN. This distinction is crucial since PI-FNGN often results in irreversible kidney failure; infection-associated GN, in contrast, is frequently reversible. The patient had a fimbriated Gram-negative CVL-associated sepsis and HCV. There was no residual osteomyelitis by clinical and radiographic exam. An immune complex-mediated kidney injury can be caused by a bacterial CVL infection and an HCV-associated mixed cryoglobulinaemia. However, the negative immunofluorescence and electron microscopic findings ruled out an immune complex-mediated injury.
The pathogenesis of PI SVV is unclear. Associations of environmental exposures, both infectious and toxins with PI-FNGN, have been suggested since its description in the 1930s. Reports of the association of PI-FNGN with Gram-positive bacterial endocarditis and discitis [1] [2] [3] [4] and reversible kidney injury not only led to the hypothesis that environmental factors can trigger a PI-FNGN in genetically susceptible individuals [5] but also led to new hypotheses for the triggering of primary PI-FNGN and to uncertainty regarding appropriate management of secondary PI-FNGN. Efforts in the field of epigenetics have revitalized the study of how foreign antigens modify DNA and histones, thereby altering gene expression and leading to autoimmunity [6, 7] . The detection of ANCA in many cases of PI-FNGN established it as an autoimmune disease [8, 9] and began a new focus for clinical and basic science research [10] [11] [12] . Clinical reports describe variable presentations of ANCA-associated disease and variable ANCA specificities, including Gram-positive bacterial subacute endocarditis, PR-3-positive and PR-3-negative C-ANCA; Gram-positive discitis, ANCA negative; HCV infection [13] , MPO-positive P-ANCA, a single case of Gram-positive bacterial endocarditis, and PR-3-negative C-ANCA [14] with PI-FNGN. The presentations were subacute, many cases were not PR-3 and MPO antibody specific and ANCA titers became negative with antibiotics with and without immunosuppressive therapy [14, 15] . Clinical and observational studies have associated respiratory silica exposure with the development of SVV since the 1960s and with ANCA-associated SVV since the 1990s [5, 16, 17] . In addition to Gram-negative sepsis, this patient had chronic exposure to colloidal silicon dioxide via daily ingestion of an OTC pain medication. Oral silica is a common pharmaceutical additive and its bioavailability is being recognized [18] . Oral silica, therefore, may also be a risk for the development of autoreactivity.
Hypotheses of pathogenetic mechanisms that lead to vasculitis include activated neutrophils, bacterial superantigeninduced autoantibody induction, and microbial antigens and host proteins cross-reaction-triggered autoimmunity. Whether autoantibodies have a role in the development of vasculitis is not known [19] [20] [21] [22] . PR-3 and MPO antigens have been best studied because of their close association with Wegener's granulomatosis and microscopic polyangiitis, respectively, but a pathogenetic role has not yet been clearly defined. Other components of the neutrophil and monocyte granules have been shown to be ANCA targets in patients with PI-FNGN and have been termed minor ANCA antigens. Minor antigens that can give a false C-ANCA test include enolase, lysozyme, possibly bactericidal/permeability increasing protein (BPI) and rarely MPO. These and other atypical ANCA antigen specificities, such as human lysosomal-associated membrane protein 2 (h-LAMP-2) ANCA, are not being tested for in the clinical arena. How they might help to improve our understanding of the pathogenesis of SVV in infection and autoimmunity in PI-FNGN is an ongoing topic of dis-cussion between clinicians and biologists. But as yet, ANCA tests specific for minor antigens have not entered the clinical arena and are not done in clinical laboratories.
The pathogenesis of antigen-specific ANCA is being investigated. Bacterial infections have long been postulated in the provocation of autoantibody synthesis. Even in his original report, Wegener suggested that bacteria may be involved. This idea was reiterated by others but the expected sequence homologies that could provide evidence for a cross-reactive immune response between bacterial proteins and the antigen targets were not found for Wegener's granulomatosis or microscopic polyangiitis. An alternate ANCA to h-LAMP-2 has been detected in many patients with PI-FNGN. H-LAMP-2 is a type 1 heavily glycosylated membrane protein expressed by neutrophils and endothelial cells as well as by many other cell types. It is involved in cellular adhesion and homeostasis. It has sequence homology with a bacterial adhesin, FimH, on fimbriated Gram-negative bacteria. In vitro, the h-LAMP-2 autoantibodies injure human microvascular endothelium and when injected into rats, induce PI-FNGN. FimH, when injected into rats, induced antibodies to h-LAMP-2 and a PI-FNGN [23, 24] . This alternate antigen target is found in 90% of patients with PI-FNGN and is being studied for its potential role in the mechanism of autoimmunity induction, potentially via a molecular mimicry mechanism where the monoclonal antibodies recognize both microbial and self antigens. Sequence similarities between self and foreign proteins may result in antibodies to the foreign antigen to cross-react with a self protein. The ANCA in this case report is specific for an unidentified alternate antigen target in the setting of a Gram-negative, polymicrobial CVL infection. Multiple antigen specificities may occur as a result of epitope spread. The decline of the autoantibody with antibiotic therapy is consistent with a theory of ANCA induction by a subacute infection and a potential role for ANCA in pathogenesis of PI-FNGN.
To our knowledge, this is the first reported case of a PI-FNGN affiliated with a Gram-negative sepsis in the setting of subacute polymicrobial CVL infection and oral silica exposure. The patient had a C-ANCA that was PR-3 and MPO negative. Alternate antigen specificity detection assays remain in the research domain and were not done. This report illustrates the association of an infection with a Gram-negative fimbriated bacteria and a PR-3-negative C-ANCA PI-FNGN in an environment where Gram-negative bacteria have become increasingly common causes of CVL infection. Furthermore, it demonstrates that PI-FNGN may resolve with antibiotic therapy alone since the C-ANCA titer declined and the kidney function improved without immunosuppressive therapy. The resolution of haematuria, like that seen in infection-induced immune complex GN, was delayed. We conclude that PR-3-negative ANCA in the setting of infection may have pathogenetic significance and as such a potential future research. Adjuvants for induction of autoimmunity are not well understood or characterized. The mechanism whereby silica and infection induce autoimmunity needs further research. H-LAMP-2 antibody may have clinical utility in cases of atypical ANCA specificity and may shed light on how infection links with autoimmunity.
